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Two species of Melilotus, M. alba (or albus) Desr. and 
M. officinalis (L.) Lam., have gained prominence in the 
United States as soil improvement crops. As used in this 
thesis, the term Melilotus refers to varieties and inbred 
strains of these species. Both annual and biennial varie­
ties are used in soil improvement programs, but the bien­
nials generally produce more organic matter and are consid­
ered to be more valuable (104). 
Both biennial M. alba (white-flowered) and M. offici­
nalis (yellow-flowered) varieties develop relatively short, 
non-flowering top growth during the first year. Crown buds 
and taproots develop rapidly during the autumn months, and 
roots of biennial Melilotus plants often constitute as much 
as two-thirds of the total plant weight at the end of the 
seeding year (107). The tops are killed during exposure to 
subsequent cold winter temperatures, but the roots and crown 
buds survive very low temperatures. In the spring of the 
second year the crown buds develop into rapidly growing 
shoots that produce flowers and seed. In central Iowa flow­
ering occurs in early July when photoperiods have just 
passed their maximum of approximately 15 hours and 30 min­
utes. This behavior suggests, and greenhouse experiments 
confirm, that Melilotus is long-day in its floral response. 
The annual varieties of Melilotus flower in the first 
* 
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year of growth, normally somewhat later than the second year, 
biennial plants. Greenhouse experiments (89,106) have shown 
that both annual and biennial varieties will flower directly 
at moderate size under photoperiods of 18 hours or more. 
The differences in response of these two types, therefore, 
seem to depend on their reaction to suboptimum photoperiods. 
This study was designed to investigate the flowering 
reactions of Melilotus, and to determine the individual and 
combined effects of photoperiod, vernalization by exposure 
to low temperatures, and plant age, or size, on the flower­
ing of the plant. Locally adapted varieties and inbred 
strains of M. alba and M. officinalis were used in green­
house and field experiments conducted at Ames, Iowa, over a 
three-year period. Of the four inbred strains studied, 
three were normal biennials while the other was an abnormal 
type, particularly sensitive to light quality. 
EE VIEW OP LITERATURE 
Effects of light and temperature on plant growth and 
reproduction have been of concern for many years. The re­
lated literature is voluminous. However, very little of the 
literature deals directly with Melilotus species. This re­
view will include the results of related experiments which 
may lead to a better understanding of the floral response of 
Melilotus. 
To facilitate presentation of this review the subject 
matter has been divided into four major areas; photoperiod, 
temperature, light quality, and other factors. 
Photoperiod 
A tabulation of 328 seasonal events over a ten-year 
period in Dane and Sauk counties in Wisconsin (62) indicated 
that some plants showed little variability in date of first 
bloom and seemed to be governed more by photoperiod than by 
current weather. 
Some detailed reviews on photoperiodism in plants have 
appeared in the literature during recent years (4,10,25,31, 
45,59,61,74,75). They indicate that the floral stimulus is 
received by the youngest fully developed leaves, and that a 
plant must attain a certain minimum age or "ripeness-to-
flower" before the photoperiodically-induced stimulus can 
be effective. The minimum age, however, varies with species 
4 
and with environmental conditions. Evidence indicates also 
that actual floral stimulus may be the same for long- and 
short-day plants. It is generally agreed that photoperiod 
is the most influential single environmental factor govern­
ing flowering of plants; however, other factors such as tem­
perature, light quality, and application of certain chemi­
cals influence flowering, especially when the plants are at 
or near their critical photoperiod. Treatment at threshold 
conditions may lead to the production of "vegetative flow­
ers" (7,42,89). 
According to Mumeek (73), photoperiodism is expressed 
in various degreeo through changes in development of both 
the vegetative and reproductive organs of plants. It may 
result in more or less complete inhibition of stem develop­
ment (Budbeckia) or partial curtailment of growth in height 
(Soja). Sexual reproduction may be prevented or induced by 
alteration of photoperiod. 
Both annual and biennial Melilotus species appear to 
have originated in the arid regions of Asia Minor (1). Dur­
ing the period of origin and adaptation Melilotus developed 
photoperiod and temperature responses appropriate to that 
geographic region. Over a period of time the responses of a 
heterozygous variety tend to change with changes in the en­
vironment because of genetic shifts. Chamblee (24) found 
that Ladino clover seed lots grown in different West Coast 
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regions showed a great deal of diversity in flowering when 
grown in North Carolina. Plants from California seed lots 
flowered more profusely than those from Oregon* A similar 
observation was made by Beatty (6) who studied white clover 
clones from Arizona, Iowa, Michigan, and Minnesota under 
various photoperiod and temperature conditions in Iowa. The 
Arizona clone flowered on the shortest photoperiods while 
the northern clones, particularly the Minnesota, appeared to 
have an obligate requirement for cold temperature induction. 
Comparable results were obtained with side-oats grama grass, 
Bouteloua curtipendula. by Olmsted (77) who investigated 
strains from twelve geographic areas from Texas to North 
Dakota. The strains encompassed a range from short- to 
long-day types, and each was best adapted to photoperiods 
existing in its native habitat. 
Twenty-one long-day clonal lines of Pilgrim Ladino clo­
ver were used by Laude et al. (60) to study photoperiodic 
behavior. Variability among clones was more apparent under 
shorter photoperiods. Exposure to low temperatures by over­
wintering in the field hastened flowering by as much as 
eight weeks, and reduced the spread of dates to first bloom. 
Martin (71) investigated the natural features that 
characterize the first year growth of biennial Melilotus 
alba grown under natural Iowa conditions. During the first 
two or three months, top growth was predominant, amounting 
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to about 90 percent v£ the total plant weight. During the 
remainder of the season root growth predominated. There was 
a gradual increase of root weight up to September 1, then a 
rapid increase through September and into early October. 
Weight of tops increased very slowly when the roots were 
gaining weight most rapidly. At the same time, crown buds 
also developed rapidly. Other investigators (5,19,91,104, 
107,108) also noted that biennial Melilotus roots may com­
prise nearly two-thirds of the total plant weight in late 
fall of the seeding year. Meters (81) stated that annual 
Melilotus alba seedlings exhibited longer internodes than 
the biennial types under normal late summer photoperiods. 
The Annuals flowered and usually had proportionately larger 
tops and smaller roots than the biennials. 
Smith (89) observed an increase in plant height of 
Melilotus alba and Melilotus officinalis when these species 
were subjected to long photoperiods. He also noted an in­
crease in total dry weight for plants grown under long pho­
toperiods, although a greater proportion of the total weight 
was found in the roots of plants grown under short photo­
periods. Under 17-hour photoperiods, both Melilotus alba 
and Melilotus officinalis bloomed within three months after 
seeding. Few, if any, crown buds developed on plants grown 
under long photoperiods. 
Wiggans (106) grew Hubam and two biennial varieties, 
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Madrid and Evergreen, from seed under varying photoperiods 
in a vans greenhouse. Hubam grew most rapidly and produced 
flowers on all photoperiods from 12 to 20 hours. The bien­
nials were retarded in top growth under shorter photoperi­
ods, but grew almost as rapidly as the annual under long-day 
conditions. Evergreen needed at least a 17-hour photoperiod 
to produce flowers and Madrid required an 18-hour photoperi­
od. It should be indicated that plants in this experiment 
were, maintained at a warm temperature which may have pro­
duced different results than if they had been exposed to low 
temperatures prior to photoperiod treatments. 
Medium red clover, grown by Keller and Peterson (54), 
produced numerous flowers under 14- or 18-hour photoperiods; 
however, no plants flowered under a 10-hour photoperiod. 
Similarly, Tine leer (97) kept red clover growing in a non-
flowering condition for four years when held on a 10-hour 
photoperiod. And, Gorman (40) found that short photoperiods 
of 13- to 14-hours were useful in separating red clover va­
rietal responses. Internodes of many long-day plants elon­
gate before flowering; Livenaan (64), however, found that 
elongation of stem and subsequent flowering may be coinci­
dence. The two factors have been separated experimentally. 
Under controlled temperature some long-day plants flowered 
as rosettes while others elongated but did not flower. 
Oajlachjan (22) attempted to explain the incidence of 
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flowering on the basis of a flowering hormone synthesized 
during floral induction. He stated that flowering begins 
when sufficient quantity of this hormone has formed and has 
been transferred to the growing points, but the supply may 
be insufficient for all growing points, particularly if the 
plant has a high capacity for regeneration of new growing 
points. Liverman (64) discussed translocation of the pro­
posed flowering hormone, "florigen", to growing tips. 
In a series of experiments, Stroun (92) demonstrated 
that photoperiod was the dominant factor affecting floral 
expression of several cereals up to the point of the appear­
ance of protuberances on the spikelets; this he called the 
photostage. Prom the differentiation of the spikelets to 
floral expression the primary factor influencing development 
was composition of the light spectrum; this was called the 
spectrostage. Red radiation was most effective in thé lat­
ter stage. 
Borthwick and Parker (15) observed that Biloxi soybeans 
(short-day) initiated inflorescences five days after the 
termination of a two-short-day induction treatment. 
Salisbury and Bonner (86) reported that rate of development 
of floral buds of Xanthium (short-day) was dependent upon 
the intensity of the original induction treatment. And, it 
was further observed by Naylor (76) that Xanthium plants on 
continuous photoinduetive cycles flowered more rapidly and 
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more completely than those on only one or a few photoinduc-
tive cycles. 
Using Hyoscyamus niger (long-day), Parker et al. (79) 
induced vegetative plants to flower by applying relatively 
small amounts of radiant energy in the middle of a dark 
period that would prevent flowering if uninterrupted. In­
terruptions of a 12-hour dark period with energies corre­
sponding to about 100 foot-candle-minutes of light were ef­
fective in causing initiation of flower primordia. 
Temperature 
It is generally accepted that plants which survive and 
reproduce in a locality are adapted to the existing environ­
mental conditions. Some plants are adapted to regions of 
widely fluctuating temperatures while others grow and repro­
duce normally on nearly constant annual temperatures. Many 
biennial and perennial plants normally require a period of 
relatively low temperatures prior to flowering. Such an ex­
posure to cold is referred to as vernalization, a topic re­
viewed by several investigators (25,69,74,95,103,105). They 
indicate that some strains and/or species do not flower on 
normal photoperiods unless the vegetative plants or imbibed 
seeds have been exposed for a period to a temperature below 
a certain maximum level. Insufficient evidence has been 
gathered to conclude that vernalization results in the 
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production of a flower forming substance, or whether vernal­
ization merely removes some physiological restriction to 
floral induction. 
According to Chouard (26) vernalization fundamentally 
involves: (a) an after effect that results in active mito­
sis spreading to the apex of the vegetative point, which 
then develops into the flower initial; and (b) reversible, 
or irreversible, autocatalytic preservation of the after 
effect. 
Loehwing (68) discussed aspects of phasic development 
and presented evidence that the thermo- and photo-phases are 
not as rigidly set apart nor as reversible as originally 
suggested by Lysenko. In a review of vernalization and the 
growth-phase concept, McKinney (70) noted difficulties en­
countered in the interpretation of much of the information. 
He stated that flowering occurred over a wide range of pho­
toperiodic and temperature conditions, and that optimal con­
ditions for earliest sezual reproduction were not necessar­
ily the same as for highest seed yield. 
Vlitos and Meudt (101) discussed interactions between 
vernalization and photoperiodism. Their plants grown from 
seed vernalized at 2° and 5°C (for 2, 4, or 8 weeks) pro­
duced macroscopic flower buds or open flowers sooner at all 
photoperiods above 8 hours. The length of vernalization 
treatment inversely influenced the time to first flower. 
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Most noticeable effects were observed on short photoperiods. 
Knapp (55) studied several attributes of growth of 
sweetclover under controlled conditions and noted that vari­
ations of 3° to 6°C in diurnal temperatures resulted in 
marked increases in shoot height, fresh weight, flowering, 
and number of racemes per plant. 
With constant temperatures, Roberts and Struckmeyer 
(85) found that flowering of red clover was most pronounced 
with a cool temperature (55°F) and a long photoperiod. Ho 
plants flowered under short photoperiods. The same authors 
(84) obtained sweetclover plants with a greater height when 
grown under long photoperiods. Plants grown under short 
photoperiods, cool or warm, developed rosette type top 
growth. 
The influence of temperature and photoperiod on growth 
and flowering of crimson clover was studied by Knight and 
Hollowell (56) who found that earliest flowering occurred 
when 6-week-old plants were shifted from cold frames outside 
the greenhouse into a greenhouse with relatively high tem­
perature, Continuous high temperatures from germination 
inhibited flower production. 
Evans (35) conducted an analysis of the partial proc­
esses involved in flower initiation in subterranean clover. 
Under continuous light there was a reduction in the time to 
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floret appearance with a rise in mean temperature from 12.3 
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to 25.3°C, but when grown under a 16-hour photoperiod, flow­
ering was later and was further delayed by a rise in mean 
temperature above 19°C. He hypothesized that flower initia­
tion appeared to be controlled by three interacting partial 
processes. The two promotive processes are possibly both 
light-independent, one being favored by high temperatures 
and the other (vernalization) by low temperatures. On the 
other hand, the inhibitory process is restricted to the 
diurnal dark period and is favored by high temperatures. 
The interaction between vernalization and the dark inhibi­
tory process is such that in absence of dark inhibition no 
vernalization is required, while sufficient vernalization 
can apparently overcome all dark inhibitory effects. Sev­
eral other investigators (2,30,83) found that temperature of 
the dark period is much more critical in its influence on 
reproductive growth of many plants than the temperature of 
the light period. 
Davidson (30) studied the climatic limitations of sub­
terranean clovers in Kenya. He found that high altitude 
varieties had a greater cold temperature requirement. In a 
similar study, Morley and Davern (72) evaluated several 
Moroccan strains of subterranean clover. Cbastal strains 
flowered under 16-hour photoperiod with temperatures no 
lower than 55°F, while the mountain strains required vernal­
ization. 
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landau (57) found that flowering of a number of native 
Palestinian legumes was hastened by high temperatures, a 
behavior opposed to that of certain Melilotus. Medicago and 
Trifolium species. However, these investigations were con­
ducted in a greenhouse maintained above 14°0, which ap­
proached the critical temperature for vernalization as re­
ported by Aitken (2). 
Peterson and Loomis (80) and Gardner and Loomis (38), 
working with Kentucky bluegrass and orchardgrass respective­
ly, found that floral induction was obtained only when there 
was a combination of low temperature and short photoperiod. 
Exposure to long photoperiods and low temperature or to 
short photoperiods under warm temperature failed to result 
in production of flowers. 
Cooper (28,29) observed that cold-requiring strains of 
ryegrass originated in regions of high latitude or altitude. 
The summer annual form showed no response to short days or 
to low temperature induction and headed rapidly under con­
tinuous light. The winter annual produced heads eventually 
without low temperatures or short photoperiod, however, 
heading was hastened by these factors. The biennial and 
perennial ryegrass varied with respect to cold or short pho­
toperiod requirements, depending on origin* Some varieties 
failed to head without previous cold or short-day treatment. 
A cold requirement was also found in timothy by Cocks (27). 
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Some species of Brassica did not flower readily under 
normal photoperiods unless they were exposed to a relatively 
low temperature for a period of time. The temperature and 
duration of treatment required to induce vernalization var­
ies within and between species (95). According to Chouard 
(26) vegetative henbane (long-day) cannot be vernalized 
while in its "juvenile phase" but can after it reaches a 
"ripeness for vernalization" stage. 
Efeikin (34) reported that processes affected by low 
temperatures and necessary for floral induction are not 
localized in the apical growing point of the stem. He sug­
gested that transformation from the vegetative to the repro­
ductive phase is not dependent upon narrow, local changes in 
the terminal meristem of the shoot but on the total condi­
tion of the plant. 
Cairns (21) pointed out that chilling of germinating 
white clover seed for 10 to 30 days increased the number of 
plants that reached flowering stage during a 106-day period. 
It also shortened the number of days to firot bloom. A sim­
ilar conclusion was reported by Gregory and Purvis (41) who 
found that the low temperature requirement of cereals was 
satisfied by exposure of the developing embryo. 
There is evidence that the stimulus synthesized during 
vernalization can be transferred to other, non-vernalized 
plants. Chouard (26) reported that the stimulus can be 
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transferred through a graft from a vernalized to a non-ver-
nalized plant. Highkin (50) in a study of flower promoting 
activity of pea seed diffusâtes stated that diffusate, ob­
tained by soaking pea seed of a quantitatively verealizable 
variety at 4°C, was effective in reducing the number of 
nodes formed in non-vernalized peas prior to flowering. And, 
Tomita (98) found that diffusate from vernalized rye seed­
lings accelerated heading of non-vernalized rye and wheat 
plants. 
Light Quality 
The quality of sunlight reaching the earth's surface 
varies with time of day, season, altitude, latitude, and 
atmospheric conditions. Since plants that survive in a spe­
cific region are adapted to their local environmental condi­
tions, it is understandable that light quality may influence 
plant growth. However, the influence may vary with, or 
within, species. General effects of light quality on plant 
growth and development have been reviewed by several inves­
tigators (9*53,102) who agree that the controlling photo-
reaction in long- and short-day plants is the same, even 
though the responses are opposite. In long-day plants red 
promotes flowering while in short-day plants red is inhibi­
tory; however, far-red counteracts red in both types. They 
suggest that two or more light influenced processes proceed 
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concurrently or in close succession, and if these processes 
are not equally influenced by the same light treatment their 
relative sensitivity to light may in some way be responsible 
for development of various responses. 
Withrow and Benedict (ill), in a study of influence of 
intensity and wave length of artificial light on responses 
of greenhouse, annuals, found that supplemental light of low 
intensities, in addition to normal light received during the 
day, altered the floral response of plants. Certain plants 
responded to supplemental light intensities as low as .1-
foot-candle, which is an intensity of about double that of 
moonlight. 
Takimoto (93) discussed the positive flower promoting 
effect of light from incandescent lamps, which contain an 
abundance of long wave lengths. He stated that such light 
did not remove the inhibitory effect of darkness but brought 
about a stimulative effect for flower initiation in Silene 
armeria. 
It was reported by Schwabe (88) that long-day species 
showed a marked response to light source. Greenhouse exper­
iments were conducted in northern Sweden where control 
plants were given a 20-hour photoperiod. Annual beet did 
not flower when half of the 20-hour photoperiod consisted of 
fluorescent light, and Wintex barley was delayed in flower­
ing with this treatment. The delay was thought to be due to 
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the relatively low amount of red light emitted by the fluo­
rescent tubes. With incandescent light, anthesis in Wintex 
barley occurred earlier than under a 20-hour photoperiod of 
natural light. 
Parker and Borthwick (78) concluded that radiation from 
a carbon-arc supplemented with that from incandescent-fila-
ment lamps is superior to other artificial light sources 
when growing many plants. 
Downs et al. (33) studied responses of several long-day, 
short-day and intermediate plants to supplemental light ob­
tained from unfiltered fluorescent and incandescent lamps. 
Exposure to light from incandescent lamps resulted in taller 
plants, because of the far-red component of radiation emit­
ted by that source. Similarly, Borthwick and Parker (16) 
found that longer wave lengths were effective in promoting 
seedstalk and flowering. However, Wassink and Stolwijk 
(102) found that stem elongation under far-red light was in­
dependent of flower bud development. 
Many investigations of the influence of red and far-red 
light on plant responses have been reported. In 1919» 
Schanz (87) reported the results of his experiments with 
many species of plants grown under filtered light consisting 
of varying regions of the spectrum of daylight. In general, 
he found that plants became taller as more of the short 
waves of sunlight were filtered out. With most species 
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maximum height was obtained under red light and minimum 
under blue-violet. Schanz knew the ranges of wave lengths 
with which he worked, but, he did not report temperatures 
or light intensities present in his chambers. 
Popp (82) used five adjacent greenhouses, each with a 
separate range of light filtering ability, to study effects 
of various light fractions on growth of plants. All houses 
were interconnected and at uniform air temperatures. His 
results indicated that natural growth of selected plants re­
quired blue-violet as well as longer wave lengths of the 
spectrum. 
Withrow (110) and Withrow and Withrow (112) stated that 
longer wave lengths of the visible spectrum were chiefly 
responsible for the photoperiodic response in both long- and 
short-day plants under long photoperiods. 
Several investigators (12,99) have reported that germi­
nation of lettuce seed is promoted by exposure to red light 
and diurnal alteration of temperature, and inhibited by far-
red light. 
Borthwick ejfc al. (13) reported that the action spectrum 
for lettuce seed germination is the same as that effective 
for photoperiodic control of floral initiation. Absorption 
of radiation in the red (6,400 - 6,700 %) or the far-red 
(7,200 - 7,500 A) region changes the effective pigment into 
the far-red- or the red-absorbing form respectively. 
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Downs (32) extended the reversible photoreaction, pre­
viously shown to control the germination of light-sensitive 
seeds and the flowering of cocklebur, to several plants, in­
cluding two long-day plants, Wintex barley and Evosovamus 
niger. He suggested that the far-red absorbing form of the 
pigment is the biologically active form and causes a slow 
build-up of a condition inhibitory to flowering. A brief 
irradiation near the middle of a non-inductive dark period 
of 12*5 hours for barley and 12 hours for Hyoscyamus induced 
flowering. In each case a far-red irradiation immediately 
following the dark-period interruption with red reversed the 
effect of the red light. 
Hendricks jet al. (48,49) and Hendricks and Borthwick 
(46) reported that flowering, seed germination, stem elonga­
tion, and many other aspects of growth and development of 
seed plants are influenced by a reversible photoreaction. 
The reaction may be written: 
6,600 % max „ 
PH + A — m P + AH 
2 7,350 A max 2 
PHg and P are the reduced and oxidized forms of a pig­
ment with absorbtion maxima near 6,600 and 7,350 1 respec­
tively, and A and AHg are a hydrogen acceptor and donor 
respectively. They considered that the oxidized pigment, 
P, is an enzyme controlling an essential reaction. Inter-
conversion of the oxidized and reduced forms of the pigment 
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produce striking biological responses which can be obtained 
with low irradiances. The photoreaction is reversible and 
follows first-order kinetics with respect to energy in both 
directions. 
Butler et al. (20) used direct spectrophotometry to 
observe the photoreversible pigment in living plant tissues. 
They separated the pigment from plant tissue by usual meth­
ods of protein chemistry, using differential spectrophoto­
metry for assay. 
In a study of photocontrol of plant development by the 
simultaneous excitation of two interconvertible pigments, 
Hendricks and Borthwick (47) concluded that polychromatic 
radiation such as sunlight can produce effects that are not 
immediately evident from monochromatic actions. Photo-
morphogenic responses arise from both the enzymatic action 
of the far-red-absorbing form of the effective pigment and 
from continued photoexcitation. 
In a kinetic analysis of photoperiodism, Withrow (109) 
found that increasing the intensity 100,000-fold did not 
saturate the mechanism. The response was proportional to 
the logarithm of the energy. He also stated that induction 
by red radiant energy has a maximum at 6,600 % and photo-
inactivation by far-red has a maximum at 7,300 X. He re­
ported that the efficiency of the far-red in blocking photo-
induction is markedly increased by interposing a dark period 
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of 60 to 90 minutes between the two light treatments. It 
was suggested that a thermochemical step intervenes between 
the absorption of red radiant energy and maximum capacity 
for inactivation by far-red. ' 
Brodfuhrer (18) attributed various plant responses to 
the amount of ultraviolet radiation absorbed. There ap­
peared to be sensitive periods during juvenile growth of an­
nual plants and at the beginning of development of individ­
ual organs of perennial plants. It was suggested that this 
response indicated a relationship to the growth substance 
economy of the plant. 
Gordon "(39) considered that ultraviolet light treatment 
was capable of altering auxin metabolism other than by di­
rect destruction. And, Lockhart (66) found that inhibition 
of stem growth in Cucurbita peso and Phaseolus vulgaris, 
induced by a 10-minute treatment with ultraviolet light from 
a mercury vapor germicidal lamp (peak 2,540 Î), was not re­
versed by gibberellic acid and/or indoleacetic acid. 
Other Factors 
In reviewing factors involved in floral initiation and 
development, Hamner and Bonner (43) concluded that no his­
tologically detectable changes were present at the end of a 
long dark period which was sufficient to induce Xanthium 
pennsylvanium to flower later. They concluded that 
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induction is not initiation of floral primordia per se, but 
rather that it is a chemical or hormonal change within the 
plant. It was noted that the stimulus in Xanthium was 
translocated from one part to another within the plant. 
Leopold and Thimann (63) have studied the effect of 
auxin treatment on floral response of selected plants. 
Tburlow and Bonner (96) and Bonner and Thurlow (8) reported 
that indoleacetic acid (IAA) and «^-naphthaleneacetic acid 
(HAA) applied to the foliage of Xanthium during the photo-
inductive period suppressed initiation of floral primordia. 
Fisher (36) found that foliar application of nicotine 
sulfate induced earlier flowering of soybeans, supposedly be­
cause of its antiauxin properties. In his experiments IAA 
alone delayed flowering. In another experiment involving 
soybeans, Galston (37) reported that 2,3,5-tri-iodobenzoic 
acid (TIBA) did not induce vegetative plants to flower. 
A number of experimenters have reported that long- and 
short-day plants react differently to auxin applications. 
It has been reported that IAA (65) applied to leaves of 
long-day plants induced flowering. Low concentrations of 
HAA (52) injected into Wintex barley and Petkus rye resulted 
in formation of an increased number of primordia. 
As assayed in extracts, indoleacetic acid oxidase 
activity of intact pea buds was inductively inhibited by a 
low intensity of red light (51). The inhibition was 
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reversed by far-red light applied immediately after the red 
irradiation. 
In a study of hormonal factors in the flowering of 
plants, Chailakian (23) found that gibberellin-induced flow­
ering of long-day species was always preceded by the growth 
of stems, a response that did not occur in short-day spe­
cies. The gibberellins acted directly in the buds despite 
unfavorable photoperiods acting upon the leaves. He hypoth­
esized that flowering hormones consist of two groups of sub­
stances; gibberellins essential for stem formation, and an-
thesins, substances of high physiological activity including 
auxins, enzymes, and vitamins, necessary for flower produc­
tion. Day-neutral species contain both gibberellins and an-
thesins under any photoperiod. Failure of long-day species 
to flower under short photoperiods is assumed to be caused 
by a lack of gibberellins, while failure of short-day spe­
cies to flower under long photoperiods is considered to be 
due to the lack of anthesins. He suggested further that 
non-vernalized winter annual and biennial varieties fail to 
flower in fall under long photoperiods because of the ab­
sence of gibberellins, and under short photoperiods because 
of the absence of both gibberellins and anthesins. 
According to Brian (17) gibberellic acid is not an 
auxin but depends on the presence of auxins for its activity. 
He attributed its activity to the neutralization of a 
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growth-inhibitory system that normally limits growth. The 
inhibitory system may be an auxin-destroying enzyme system 
that is environmentally influenced. 
Lang (58) found that the addition of gibberellic acid 
to a cold-requiring biennial species of Evoscyamus niger 
(long-day) resulted in production of flowers even when grown 
under short photoperiods. And, inhibition of flowering of 
gibberellin treated short-day plants grown under normally 
inductive short photoperiods was observed by Harder and 
Biinsow (44). 
A scheme indicating the role of gibberellin-like hor­
mones in regulation of plant growth and flowering was pre­
sented by Brian (17). The scheme may be written: 
red 
C0o =*• P ; gibberellin-like hormones 
^ far-red j 
darkness 
A precursor (P) of low physiological activity is syn­
thesized in the leaves where exposure to red light drives 
the reaction to the right, resulting in the formation of a 
gibberellin-like hormone. The hormone slowly converts back 
to P in darkness and more rapidly upon exposure of the leaf 
to far-red light. Brian considered that re-exposure to red 
light again converts P to the hormone. He stated that under 
long-day conditions increasing concentrations of the hor­
mone will build up, however, under short-days the 
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concentrations will be much lower. The scheme suggests that 
high levels of gibberellin-like hormones induce flower for­
mation in long-day plants while flowering in short-day 
plants takes place only when levels of the hormone are low. 
This would explain the response of long- and short-day 
plants to light and applications of gibberellic acid. 
Some investigators have attempted to correlate mineral 
nutrition and floral response of plants, especially at or 
near critical photoperiods. Murneek (74) reported that 
Xanthium grown on solutions of low or high nutrient content 
had the same critical day-length requirements. However, the 
total number of flowers produced per plant was lower on the 
low nutrient media. Armiger et al. (3), while studying the 
effect of size and type of pot on relative yields in green­
house experiments, found that root development of alfalfa 
was influenced by size of the soil containers. 
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MATERIALS AND METHODS 
A series of experiments designed to study the influence 
of temperature, light, and other factors on flowering of 
Melilotus SPP. was conducted in the field and/or greenhouse 
o o 
during a three-year period at Ames, Iowa (42 00'N, 93 
39'W). Since basic objectives of individual experiments 
varied somewhat, only general aspects are discussed in this 
section. Specific procedures of each experiment are pre­
sented under the result section. 
Plant Materials 
Genetic variation within each variety and strain was 
minimized by using vegetative cuttings, inbred seedlings, or 
open-pollinated seed from isolated plots of locally adapted 
Melilotus. 
Vegetative cuttings were obtained initially from field 
grown parent plants of several locally adapted and inbred 
strains. Representative types were maintained vegetatively 
throughout the period of investigation. Vegetative seg­
ments, each 2 to 3 inches in length and containing at least 
one trifoliate leaf and an active growing point, were cut 
and planted one inch deep in moist vermiculite. During a 
4-week rooting period the plants were maintained in a humid, 
cool, well-lighted greenhouse and under a 9-hour photoperiod 
until they were ready for transfer to pots. The appropriate 
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strain of Ehizobium was mixed with water and sprinkled onto 
the vermiculite surface to facilitate nodulation of the veg-
etatively reproduced plants. A complete nutrient solution 
was added in the same manner to aid in the development of 
vigorous plants. 
The inbred strains were the result of a long-time in­
breeding program directed by Dr. I. J. Johnson at Iowa State 
University. Although normal in size and vigor, one inbred 
strain, S-208, did not flower in the field under natural 
summer photoperiods during its first, or second, year of 
growth; however, it flowered freely in the greenhouse with 
a photoperiod as low as 13 hours. Because of this unusual 
flowering habit, vegetative cuttings were made from field 
grown, second year, non-flowering plants. Under greenhouse 
conditions the cuttings bloomed and were self-pollinated. 
The resultant progeny was grown in the field and the cycle 
repeated to produce the next generation. The line had been 
advanced to the Fg generation at the beginning of this in­
vestigation. Another generation of inbreeding was conducted 
to supply the necessary volume of seed needed for this se­
ries. Since vegetative cuttings from the same original 
plant were genetically identical, a number of these vegeta-
tively reproduced plants were brought into flower in the 
greenhouse and then placed together in a bee cage in order 
to produce the desired volume of seed. 
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Locally adapted Melilotus plants were located in small 
plots growing in areas that had been isolated for several 
generations. Seed was collected during late summer and 
stored for use in later experiments. 
Media and Fertilization 
Unless otherwise indicated, plants were transferred to, 
or grown directly in, 4-inch clay pots containing a 2:2:1 
mixture of soil (Webster silt loam), sand, and peat. The 
medium was initially enriched with an equivalent of 300 
pounds per acre of 10-10-10 (N, PgO^, KgO). Some experi­
ments received additional fertilization during the periods 
of observation. 
Photoperiod Control 
Plants used in photoperiod experiments were grown un­
der short-day conditions for several weeks after transfer 
to pots and prior to transferring to the photoperiod cham­
bers. Short-day conditions were maintained by covering the 
plants with a light-tight canvas curtain from 5 PM until 
8 AM daily. Photoperiod chambers consisted of a 1 x 2 inch 
framework mounted over a sand table. An electric time clock 
was mounted in each chamber to control the photoperiod. One 
200-watt incandescent bulb per chamber served as the source 
of artificial illumination. Bach bulb was raised or 
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lowered to adjust light intensity at plant level. Retrac­
table light-tight curtains were drawn between chambers from 
5 PM until 8 AM, when they were again withdrawn to allow un­
restricted entry of natural daylight. Experimental photo­
periods consisted of nine hours of natural light plus sup­
plemental illumination from the incandescent-filament lamps. 
Several experiments involved natural photoperiods and/ 
or natural temperature. They vary with the season. Natural 
photoperiod and temperature trends at Ames, Iowa, are shown 
in Figure 1. Day lengths are plotted as hours from sunrise 
to sunset. Approximately 20 minutes of photoperiodically 
effective twilight may be added to these figures to give the 
total effective photoperiods. 
Light Quality Control 
Some experiments were designed to study the influence 
of light quality on floral response of Melilotus. particu­
larly inbred S-208. Since S-208 flowered normally in the 
greenhouse but not under field conditions, greenhouse glass 
was analyzed for light transmission. The transmission curve 
is shown in Figure 2. Other light quality sources consisted 
of time clock controlled GE type S-2 sunlamps, with and 
without window glass filter. 
PHOTOPERIOD TEMPERATURE 










8 000 3000 6000 7000 5000 4000 
WAVE LENGTH (|) 
Figure 2. Percentage transmission of light through greenhouse glass 
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Temperature Treatments 
In experiments involving influence of natural autumn 
temperatures (Figure 1), plants were moved from the field 
into the greenhouse at predetermined time intervals. Other 
temperature pre treatments were given in the greenhouse by-
maintaining one greenhouse at a relatively low temperature 
in comparison with the warm, 70°F. minimum, greenhouse. 
Another greenhouse was maintained at about 35°$*; in it were 
constructed polyethylene covered growth chambers (Figure 3). 
Each chamber contained two electric heating coils controlled 
by a thermostat, two circulation fans, and a maximum-minimum 
thermometer for daily temperature readings. 
Statistical Treatment 
Statistical methods outlined by Snedecor (90) were used 
in analysis of the data. Analysis of variance techniques 
were used unless stated otherwise. Levels of significance 
are presented in the result section. Statistical tables are 
included in the Appendix. 
Figure 3. Polyethylene covered growth chambers 
for controlled temperature experiments 
Above : Closed position 




Results of experiments are grouped by topic. Major 
topics include effects of: root restriction, vernalization, 
vernalization and photoperiod, photoperiod, photoperiod and 
age of plants, and light quality. Specific aspects of ex­
perimental procedures are discussed in this section, while 
general aspects are covered in the section on materials and 
methods. 
A preliminary experiment was conducted to investigate 
the influence of photoperiod, age, strain, and root restric­
tion on flowering of Melilotus. Plants were maintained in a 
warm (70°F. minimum) greenhouse before, and during, the ex­
periment. All plants were grown on a 9-hour photoperiod 
before transfer to the experimental photoperiods for a 90-
day observation period. As shown in Table 1, non-vernalized 
seedlings did not flower under photoperiods shorter than 17 
hours, and the time to first flower was negatively corre­
lated with length of photoperiod. Vegetative cuttings flow­
ered more rapidly than seedlings of the same strain, S-208. 
And, under short photoperiods, cuttings in small pots ap­
peared to flower more rapidly than cuttings in larger pots. 
Later experiments were designed to investigate trends 
detected in the preliminary experiment. 
Table 1. Effect of photoperiod, root crowding, and plant age on earlineesa of 
flowering of non-vernalized Melilotus. Average of four plants 
Pot size and plant material 
6-inch pots 4-inch pots 
Cuttings Seedlings Cuttings Seedlings 
Photoperiod S-208 S-208 S-211 S-214 S-208 S-208 S-211 S-214 
13 81.0 v" V V 52.0 V V V 
16 60.0 V V V 45.8 V V V 
17 40.7 44.0 45.3 39.3 39.8 45.7 59.7 40.5 
19 37.7 39.5 38.3 36.0 37.7 41.3 45.7 37.2 
24 34.0 35.7 33.5 31.7 35.0 35.0 34.7 32.5 
aExpressed as number of days from initial exposure to photoperiod treatment 
until appearance of first flower. 
^Vegetative at 90 days. 
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Effect of Root Restriction 
The effect of root restriction on floral response was 
studied under 18-hour and under natural summer photoperiods. 
Experiment 1 was conducted to investigate the influence of 
root restriction on growth and flowering of two inbred 
strains of Melilotus seedlings under an 18-hour photoperiod. 
Soil volumes available for roots, 60, 120, 240, 480, and 960 
cubic inches, were obtained by plunging pots of the desired 
capacities in the greenhouse bed. The top of each pot was 
leveled with the soil surface to eliminate temperature dif­
ferences due to plant elevation. 
The number of days to flower emergence, under these 
experimental conditions, is shown in Table 2. Plants of 
strain S-208 flowered sooner than those of strain S-211. 
The difference in flowering dates was significant beyond the 
1# level in the case of strains (Appendix, table 21), how­
ever, the difference due to pot size was not statistically 
.significant. Pinal plant heights were recorded at the end 
of 70 days of exposure to an 18-hour photoperiod, and are 
shown in Table 2. The difference between strains was not 
significant, but plants in larger pots were significantly 
(at the 1 i> level) taller (Appendix, table 21), and produced 
more flowers during the observation period. 
The influence of root restriction on floral response of 
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Table 2. Besponse of non-vernalized Melilotus to root 
crowding, under an 18-hour photoperiod. Three 
replications 
Strain 
Root zone (cu, , in. ) 
60 120 240 480 960 
Days to first flower 
S-208 47.7 45.0 47.0 47.7 45.7 
S-211 53.0 49.7 49.0 50.7 51.3 
Plant height (cm.) at 70 days 
S-208 95.8 107.4 120.1 125.2 . 149.9 
S-211 81.3 108.5 117.5 114.3 123.7 
non-vernalized Melilotus seedlings was studied under natural 
summer photoperiods in the field and greenhouse in Experi­
ment 2. Strains used included: Hubam, an annual variety; 
S-214, a normal biennial; and S-208, an abnormal inbred. 
All plants were grown in small pots in a warm greenhouse 
under a 9-hour photoperiod for three months prior to trans­
fer to pots of 60, 120, 240, 480, and 960 cubic inch capaci­
ties. Pots were plunged in soil so that the top of each pot 
was at soil level. The experiment was initiated in June, 
1958, and only natural photoperiod was employed. Observa­
tions were made throughout the summer and autumn months. 
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The annual, Hubam, flowered regardless of pot size, while 
S-208 and S-214 did not flower under any of the experimental 
conditions. 
Under the conditions of these experiments, there were 
differences in flowering rates due to strain, but not due to 
pot size under either 18-hour or natural photoperiods. from 
the plants that flowered there were, however, increases in 
"size of plants, and in number of flowers per plant with 
larger root zones. 
Effect of Vernalization 
Under natural environmental conditions, biennial plants 
produce only vegetative growth during the seedling year, 
then undergo a season of reduced temperatures. When the 
warm season again returns such plants resume growth, flower, 
produce seed and die, thereby completing a life cycle. The 
exposure to natural, or artificial, low temperatures during 
the life cycle results in vernalization. 
In Experiment 3 vegetative cuttings of S-208 andA-3 
were transferred to four-inch clay pots and placed in a warm 
(70°P. minimum) greenhouse under a 9-hour photoperiod during 
an establishment period. After establishment five plants of 
each strain were placed in a cool (45°F. minimum) greenhouse 
under a 9-hour photoperiod for six weeks, and five similar 
plants of each strain were maintained in the warm greenhouse 
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during the six-week period. At the end of the period, all 
plants were transferred to the warm greenhouse and placed 
under an 18-hour photoperiod. „ As shown in Table 3, plants 
of both strains flowered earlier after exposure to low tem­
peratures. Strain S-208 flowered in fewer days than did 
strain A-3» Differences in flowering dates due to both 
temperature pretreatment and strain were significant (Appen­
dix, table 22). 
Experiment 4 involved vernalization of first-year bien­
nial Melilotus plants and subsequent observation of flower­
ing under natural field conditions. Plants of strains S-208 
and S-214 were propagated from seed in a warm (70°F. mini­
mum) greenhouse in November, 1957, and grown under a 9-hour 
photoperiod until February when ten plants of each strain 
were transferred to a cold (35°F. minimum) greenhouse where 
they remained until April. In the cold greenhouse, and also 
Table 3. Days to first flower of Melilotus cuttings under 
an 18-hour photoperiod, after low temperature 
pretreatment. Average of five plants 
Minimum temperature during pretreatment 
Strain 45 °F. 70°F. 
S-208 23.0 34.8 
A-3 38.2 51.2 
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in the warm greenhouse, five plants of each strain were 
placed under a 9-hour photoperiod. The other five plants 
of each strain, in each location, were placed under a 13-
hour photoperiod. The cold room temperatures remained near 
35°F. for one month, then rose slightly above that minimum 
as the season progressed. On April 19, all plants were 
moved to the field and grown under natural photoperiods. 
* As shown in Table 4, all vernalized plants of strain S-214 
flowered regardless of photoperiod during the temperature 
pre treatment. The plants that were not exposed to low tem­
peratures did not flower. Plants of strain S-208 did not 
flower in the field regardless of temperature or photoperiod 
pretreatment, a characteristic previously discussed under 
the "Methods and Materials" section. 
Table 4. Percentage of biennial Melilotus plants flowering 
under natural summer photoperiods, after the indi 
cated pretreatments. Five replications 
Pretreatment 
35°^• minimum 70°F. mi ni «im 
Strain 9-hour 13-hour 9-hour 13-hour 
S-214 100 100 0 0 
S-208 0 0 0 0 
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Combined Effect of Vernalization and Photoperiod 
The effect of photoperiod on flowering of Melilotus in 
the greenhouse after a three-week vernalization period was 
studied in Experiment 5. Non-vernalized cuttings of two 
vemalizable strains, S-214 and S-301, were started under a 
9-hour photoperiod in a warm greenhouse. All plants were 
cut back to about five inches several times during the pre-
experimental period to induce branching. Nine uniform 
plants of each strain were placed in a cool (35°F. minimum) 
greenhouse under a 9-hour photoperiod for three weeks. A 
similar lot of nine plants of each strain was kept in the 
warm greenhouse under a 9-hour photoperiod during the three-
week period. At the end of the three-week vernalization 
period, the vernalized and control plants of both strains 
were placed in a warm greenhouse under 13-, 15-, or 17-hour 
photoperiods. Earliness of flowering, expressed as days 
from initial exposure to photoperiod treatment until expres­
sion of first flower, is shown in Table 5. All of the ver­
nalized plants flowered during the 110-day observation peri­
od, however, the only non-vernalized plants that flowered 
were those of strain S-214*under a 17-hour photoperiod. The 
rate of flowering of vernalized plants of both strains was 
negatively correlated with the length of photoperiod to 
which they were exposed. 
In Experiment 6, temperatures of 40, 50, 60, and 70°F., 
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Table 5. Average number of days to first flower of 
Melilotus cuttings under three photoperiods, 
after low temperature pretreatment > 
Photoperiod 
Strain Pretreatment 13 15 17 
S-214 Cold* 97.0 60.0 44.0 
Warm*3 V° V 49.2 
S-301 Cold 100.7 97.3 73.3 
Warm V V V 
aThree weeks at 35°F. minimum, under 9-hour photo­
period. 
^Control plants, 70°F. minimum, under 9-hour photo­
period . 
^Vegetative at 110 days. 
each on a 9-hour photoperiod, were used as pretreatments 
prior to placing established cuttings of two vernalizable 
strains, S-214 and S-301, in a warm (70°F. minimum) green­
house under 13-, 15-, and 17-hour photoperiods. The four-
week period of controlled temperature pretreatment was ob­
tained by placing non-vernalized plants in each of three 
polyethylene covered growth chambers (Figure 3), or in a 
70°F. greenhouse. Each chamber contained two thermostati­
cally controlled heating elements and two electric fans to 
maintain a uniform temperature throughout the chamber. 
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Minimum temperatures were controlled to + 3°F., but, because 
of solar radiation, the maximum temperatures varied consid­
erably during the daytime. Mean weekly temperatures in the 
polyethylene covered chambers, averaged from daily maximum-
minimum temperature readings, are presented in Table 6. 
Data presented in Table 7 indicate the average number 
of days from initial exposure to photoperiod treatment to 
appearance of the first flower. All plants exposed to the 
40 °F. temperature flowered during the 90-day observation 
period irrespective of the photoperiod used. As in Experi­
ment 5, rate of flowering was negatively correlated with 
- - length of photoperiod. Of the plants that were exposed to 
minimum temperatures of 50, 60, and 70°F., all of those 
under 13- and 15-hour photoperiods were vegetative at the 
end of the 90-day observation period. Under the 17-hour 
Table 6. Weekly mean temperatures (°F) recorded in con­
trolled temperature chambers. Average of daily 
maximum-minimum observations 
Temperature chamber 
Week 40°F. 50°F. 6O°F. 
1 44.2 47.9 60.4 
2 42.3 51.6 61.4 
3 47.7 53.6 62.5 
4 46.4 53.6 62.6 
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Table 7. Average number of days to first flower of 
Melilotus cuttings under three photoperiods, 
after low temperature pretreatment 
Photoperiod 
Strain Pretreatmenta 13 15 17 
S-214 40 °F 76.0 59.0 47.3 
50°F V* V 46.3 
60°F V V 49.3 
70°F V V 49.3 
S-301 40 °F 81.3 78.0 62.7 
50°F V V 75.0 
60 °F V V 88.0 
70°F V V V 
^Established, non-vernalized vegetative cuttings were 
placed in.thermostatically controlled temperature chambers 
set at 40 , 50 , and 60 F, or a warm greenhouse (70 F mini­
mum). Pretreatments were accomplished under a short photo­
period. 
^Vegetative at 90 days. 
photoperiod, there was no difference in earliness of flow­
ering of strain S-214 due to temperature pretreatment. In 
contrast, strain S-301 responded to temperature pretreatment 
when exposed to a 17-hour photoperiod, indicating that the 
17-hour photoperiod approached the critical photoperiod for 
flowering of non-vernalized cuttings of strain S-301. The 
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critical photoperiod of vernalized plants of this strain is 
indicated to be below 13 hours. 
Two inbred strains, S-211 and S-214, of non-vernalized 
biennial Melilotus alba were utilized in Experiment 7 to 
study the effect of continuous light and natural tempera­
tures on: flowering, root development, crown bud formation, 
and flowering of regrowth from crown buds. Seedlings of the 
two strains were started in November, 1957, and grown in a 
warm greenhouse under a 9-hour photoperiod until July 10, 
1958, when the plants, in four-inch pots, were transferred 
to natural or 24-hour photoperiods inside, and outside, the 
greenhouse. The greenhouse was whitewashed, and windows 
were open during the summer months to maintain similar tem­
peratures inside and outside the greenhouse. During the 
cool autumn months, however, the greenhouse plants were ex­
posed to a thermostatically controlled minimum of 70°F. 
while the outside plants were exposed several times to near 
freezing temperatures. 
The plants were continued under the photoperiod treat­
ments until November 15, 1958, when plant weights and crown 
bud development were recorded. The roots, with crown buds, 
were then re-potted and placed in the warm greenhouse under 
an 18-hour photoperiod, where recovery growth was observed. 
Observations recorded in Table 8 show that none of the 
plants flowered under natural photoperiods. However, of 
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Table 8. Response of two strains of first year biennial 
Melilotus to nhotoneriod when grown inside, and 
outside, of the greenhouse during the summer and 
autumn months®, 1958. Average of six plants 
Photoperiod 
Location and strain 
Inside the Outside the 
greenhouse greenhouse 
S-211 S-214 S-211 S-214 
Days to first flower 
N 
24 
Ve V V V 
28.7 28.2 31.7 33.3 
Root weight, expressed as percentage of 
total plant weight on November 15, 1958 
N 
24 
62.6 61.0 69.5 68.1 
20.6 19.8 20.9 21.4 
Presence of crown buds** on Nov. 15, 1958 
N 
24 
20.0 20.0 20.0 20.0 
1.8 2.0 1.3 1.7 
Days to first flower, on recovery growth 




37.5 35.3 37.3 36.3 
Seedlings were started in November, 1957, and grown 
in a warm greenhouse (70°F. minimum) under a 9-hour photo­
period until July 10, 1958, when plants were transferred to 
the indicated locations and photoperiods. 
Natural summer and autumn photoperiods, and continu­
ous light. 
^Vegetative (not flowering) at termination of experi­
ment on November 15, 1958. 
^Crown buds were rated on a 1-20 point basis. Absence 
of buds was rated 1, while abundance of crown buds was rated 
20. 
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those exposed to continuous light, the greenhouse-grown 
plants-flowered slightly earlier. The difference, which 
was significant (Appendix, table 23), may have been due to 
slightly higher greenhouse temperatures during July and 
August.. 
Root weight when expressed as a percentage of total 
plant weight, as shown in Table 8, constituted about two-
thirds of the total weight in plants grown under natural 
photoperiods. On the other hand, plants grown under contin­
uous light flowered and root weight was only one-fifth of 
the total weight. Differences due to strains and to loca­
tions were not significant, however, the differences due to 
photoperiod were highly significant (Appendix, table 24). 
Grown buds developed abundantly on the vegetative 
plants grown under natural photoperiods, while only a very 
few buds formed on the plants that flowered as a result of 
exposure to continuous light. When these plants were cut 
back to the crowns and replanted in a greenhouse with an 
18-hour photoperiod, the previously vegetative plants made 
a regrowth that was directly correlated to their crown bud 
development and flowered freely in about five weeks. In 
contrast, most of the plants whose roots had been exhausted 
by previous flowering did not develop regrowth and none of 
them reflowered. There was no difference in rate of flow­
ering of regrowth due to strain or to the natural cool 
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autumn temperatures to which the outside plants were exposed 
(Appendix, table 25). 
The data presented in Table 8 show that non-vernalized 
(greenhouse) plants exposed to continuous light flowered 
rapidly, contained most of their weight in top growth, ex­
hibited extremely limited crown bud formation, and generally 
made no regrowth when cut back and exposed to favorable con­
ditions. In contrast, non-vernalized plants under normal 
summer photoperiods did not flower, contained most of their 
weight in roots, developed abundant crown buds, and produced 
flowering regrowth when exposed to an 18-hour photoperiod in 
a warm greenhouse. Of the characteristics observed, the 
differences due to strain and location were not significant, 
while those due to photoperiod were highly significant. 
The effect of natural autumn field conditions on root 
reserves and flowering of first year biennial Melilotus 
alba, in 1958, was studied in Experiment 8. Ten plants from 
each of three adjacent field plots were collected at two-
week intervals, on the dates indicated in Table 9» Five 
plants from each plot were transferred to the greenhouse and 
potted intact. Top growth of the other plants was removed 
above the crown buds, and the taproots were cut back to uni­
form six-inch lengths including the crown buds. The tap­
roots were then weighed and potted. All plants were placed 
individually in six-inch pots and put under a uniform 
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Table 9. Effect of natural autumn field conditions on root 
weight, and floral response of Melilotus after 
transfer from the field to a warm greenhouse, 
under an 18-hour photoperiod. Average of 15 
plants 
Date of transfer from field to greenhouse (1958) 
g 22 6 20 3 Ï7 
Sept. Sept. Oct. Oct. Nov. Nov. 
Weight (g.) per taproot, cut to six inches 
2.1 2.8 3.5 5.5 6.9 7.0 
Days to first flower, recovery growth 
53.5 50.1 47.5 46.8 45.2 41.5 
Days to first flower, field grown top growth 
57.1 55.9 52.2 
aTops were frost damaged. 
18-hour photoperiod in a warm greenhouse. Frost occurred 
before the October 20 collection date and damaged the top 
growth, as indicated in Table 9» 
The data show that root weight increased rapidly until 
a November freeze destroyed the top growth. Regrowth from 
crown buds flowered in fewer days as collection dates pro­
gressed. And, old top growth of non-frosted plants that 
were transferred intact from the field to a warm greenhouse 
and an 18-hour photoperiod flowered profusely. Plants 
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transferred intact from the field flowered slightly later 
than did the regrowth from crown buds. This slight differ­
ence may have been due to shock incurred by the intact 
plants due to unavoidable root damage during transplanting. 
Simple correlation coefficients between factors in­
volved in Experiment 8 are shown in Table 10. A decreasing 
natural photoperiod was associated with a diminishing nat­
ural temperature, and both were negatively correlated with 
root weight and positively correlated with days to first 
flower under the 18-hour photoperiod in the warm greenhouse. 
And, days to first flower were negatively correlated with 
root weight. Since no attempt was made to separate the ef­
fect of natural temperature and natural photoperiod in 
Experiment 8, further refinements were incorporated into 
Experiments9 and 10, conducted in I960. 
Table 10. Simple correlation coefficients® between 
factors involved in Experiment 8 
Temper- Root Days to 
ature weight first flower 
Photoperiod +.9992 -.9799 +.9774 
Temperature -.9769 +.9805 
Root weight -.9171 
aAt \$> level of significance, r = .917. 
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Experiment 9 involved an investigation of the effect of 
natural autumn field conditions, in I960, on root weight and 
earliness of flowering of regrowth of first year biennial 
Melilotus when transferred to a warm greenhouse and placed 
under 14-, 15-, 16-, 17-, and 18-hour photoperiods. Fifty 
uniform field-grown plants were dug on each of the four 
monthly collection dates shown in Table 11. Top growth was 
removed and the taproots were cut back to six inches includ­
ing crown buds, as shown in Figure 4. As was noted in Ex­
periment 8, root weight increased rapidly, almost six-fold, 
during the three-month observation period, from August 20 to 
November 20. Earliness of flowering, expressed as number of 
days from initial exposure to photoperiod treatment to ap­
pearance of the first flower, was significantly influenced 
by natural autumn field conditions prior to photoperiod 
treatments in the greenhouse. Of the plants transferred on 
August 20, only those under an 18-hour photoperiod flowered 
during the 90-day observation period. Flower buds were evi­
dent, however, on plants under the 17-hour photoperiod at 
90 days. Plants transferred on September 20 flowered under 
16-, 17-, and 18-hour photoperiods and produced flower buds 
at 90 days under the 15-hour photoperiod. The rate of flow­
ering, as noted in earlier experiments, was negatively cor­
related with length of photoperiod. Many of the plants 
transferred on October 20 became diseased. Among those that 
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Table 11. Hoot weight, and floral response of Melilotus 
after transfer from the field to photoperiod 
treatments in a warm greenhouse. Average of 
10 plants 
Transfer dates (I960) 
Photoperiod 
treatment Aug. 20 Sept. 20 Oct. 20 Nov. 20 
Weight (g.) per taproot, cut to six inches 
- 2.0 6.1 8.0 11.7 
Days to first flower, recovery growth 
18 69.2 56.4 Fa 56.3 
17 Bb 60.8 F 62.9 
16 Ve 73.8 F 65.5 
15 V B F 78.2 
14- Y Y Y B 
aFlowered during the 90-day observation period, but 
many of the plants were diseased. 
^Floral buds at 90 days. 
cVegetative at 90 days. 
lived, flowering occurred under 15-, 16-, 17-, and 18-hour 
photoperiods during the 90-day period. Plants of the 
November 20 lot flowered under the 15-, 16-, 17-, and 18-
hour photoperiods, and developed floral buds on 14—hours, 
thereby indicating a decreasing critical photoperiod with 
Figure 4. Relative root size and crown bud development 
of field-grown Melilotus 
(1) August 20, I960 
(2) September 20, I960 
(3) October 20, I960 
(4) November 20, I960 
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extended exposure to natural field conditions. 
In Experiment 10 the effect of natural autumn tempera­
tures on root weight, and on regrowth and earliness of flow­
ering of first year biennial Melilotus. under 15-, 16-, 17-, 
and 24-hour photoperiods in a warm greenhouse, was studied. 
A uniform plot of Melilotus officinalis was selected at 
the Iowa State University Agronomy Farm, and on August 20, 
I960, some plants were transferred intact to a corn breeding 
greenhouse where they were planted directly in the soil. In 
the greenhouse, plants were exposed to natural photoperiods, 
but only to warm temperatures. Plants remaining in the 
field were exposed to natural photoperiods and to natural 
cool temperatures until November 15, I960, when both the 
greenhouse and field grown plants were cut back to the crown 
buds and a six-inch taproot. The average weight per field-
grown root was 13.5 grams while the average weight per 
greenhouse-grown root was 14.9 grams. As shown in Figure 5, 
there was no apparent difference in crown bud formation due 
to the difference in temperature, both of which were com­
bined with natural autumn photoperiods. The slightly larger 
size of greenhouse-grown roots may have been due to higher 
temperatures, and more favorable growing conditions inside 
the greenhouse. Each root was potted individually, and 
eight plants from each of the two temperature pre treatments 
were placed under each of the four experimental photoperiods. 
Figure 5. Relative root size and crown bud development 
of first year biennial Melilotus on November 
15, I960 
(1) Natural photoperiod, natural temperatures 
(2) Natural photoperiod, warm temperatures 
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Earliness of flowering under the experimental photo­
periods, expressed as days from initial exposure to photo­
period treatment to appearance of first flower, is shown in 
Table 12. Vernalized plants flowered under the 15-, 16-, 
17-, and 24-hour photoperiods, but the non-vernalized plants 
flowered only under 17- and 24-hour photoperiods. Both the 
vernalized and the non-vernalized plants required about the 
same number of days under continuous light before they flow­
ered. However, flowering of the non-vernalized plants was 
slightly delayed under the 17-hour photoperiod. And, only 
Table 12. Days to first flower of recovery growth from 
crown buds after transfer from temperature pre-
treatments to four photoperiods in a warm green­
house. Average of eight plants 
Photoperiod 
Temperature 
pre treatment 15 16 17 24 
Natural* 74.5 62.6 49.3 42.5 
Warm* Ve V 57.3 42.3 
Natural field conditions until November 15, I960, 
when roots were transferred to photoperiod treatments in 
a warm greenhouse. 
v — — 
Natural field conditions until August 20, I960, then 
natural photoperiod in a warm greenhouse until the 
November 15, I960, transfer date. 
^Vegetative 90 days after initial exposure to photo­
period treatments. 
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the vernalized plants flowered under the 15- and 16-hour 
photoperiods during the 90-day observation period. 
Effect of Photoperiod 
Experiment 11 was designed to investigate the response 
of three strains of non-vernalized Melilotus cuttings under 
five long photoperiods in a warm greenhouse. All cuttings 
were established in a warm greenhouse under a 9-hour photo­
period prior to exposure to experimental photoperiods. Data 
recorded during the 90-day observation period included plant 
height at 10-day intervals, date of first flower, and number 
of flowers per plant at the end of the 90-day period of ob­
servation. 
The changes in relative plant height of strain S-214 at 
10-day intervals during a period of 50 days are shown pic-
torially in Figure 6. Strain S-301 flowered slightly later, 
but the growth pattern was the same as that of S-214. 
Figure 7 shows graphically the changes in plant height 
of strain S-301 under the five experimental photoperiods 
during the 90-day period. Plants under continuous light 
were tallest until they began to flower, then floral growth 
continued at the expense of vegetative growth. The same 
pattern occurred under other photoperiods. At 90 days, 
plants under the 20-hour photoperiod were tallest. Those 
under the 18-hour photoperiod were still vegetative, but 
Figure 6. Strain S-214 cuttings at 10-day intervals 
over a 50-day period, under five photo­
periods (left to right: 24, 22, 20, 18, 
and 16 hours) 
Observations: (A) 0 days 
(B) 10 days 
(C) 20 days 
(D) 30 days 
(E) 40 days 
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Figure 7. Height of S-301 cuttings at 10-day intervals 
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growing most rapidly. 
The earliness of flowering of each of the three experi­
mental strains under 16-, 18-, 20-, 22-, and 24-hour photo­
periods is shown in Table 13. All strains flowered most 
rapidly under continuous light, and the number of days re­
quired for flowering were negatively correlated with the 
length of photoperiod. Differences in earliness of flower­
ing due to photoperiod and strain were both significant 
(Appendix, table 27). 
Several plants produced "vegetative flowers" as shown 
in Figure 8. When they occurred, such abnormalities were 
restricted to the first one or two racemes per plant. Later 
flowers were normal, indicating that the critical, or 
"threshold", photoperiod of non-vernalized plants varies 
with age of plant. 
The average number of flowers per plant, also shown in 
Table 13, was negatively correlated with rate of flowering, 
that is, plants that flowered earliest had the most flowers 
at the end of the 90-day observation period. 
Experiment 12, involving cuttings of the same age, 
strains, and pre-experimental treatment as those used in 
Experiment 11, was designed to investigate the effect of 
number of cycles of continuous light on earliness of flower­
ing and flower accumulation during a 100-day observation 
period. Thirty plants of each of the three strains were 
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Table 13. Floral response of three strains of non-vernal­
ized Melilotus cuttings under five photoperiods. 
Average of six plants 
Photoperiod 
Strain 16 18 20 22 24 
Days to first flower 
S-208 55 43 40 36 34 
S-214 Vs 54 44 42 39 
S-301 V V 73 63 54 
Flowers per plant, at 90 days 
S-208 34.0 40.5 49.8 50.4 52.6 
S-214 0.0 7.6 24.6 34.0 45.0 
S-301 0.0 0.0 10.0 26.0 37.6 
^Vegetative at 90 days. 
transferred from a 9-hour photoperiod in a warm greenhouse 
to a 24-hour photoperiod, also in a warm greenhouse. Five 
plants of each strain received no exposure to continuous 
light and were maintained as controls (9-hour photoperiod). 
The other plants were exposed to five, or multiples of five, 
24-hour cycles of light, then returned to the warm, 9-hour 
chamber for the remainder of the 100-day period. Each entry 
in Table 14 represents five plants unless otherwise indi­
cated. All plants of strain S-208 exposed to five or more 
Figure 8. Melilotus inflorescences 
Left: Normal 
Eight: "Vegetative flower" 
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Table 14. Response of non-vernalized cuttings, grown on a 
9-hour photoperiod, to varying exposure to 24-
hour photoperiods 
Number of 24-hour cycles 
Strain 0 5 10 15 20 25 30 
Days to first flower 
S-208 V* 48 49 38 39 38 34 
S-214 V V 82* ' 68* 56" 51 50 
S-301 V V V 78* 55 52 52 
Flowers per five plants, at 100 days 
S-208 0 87 100 201 170 189 194 
S-214 0 0 1 6 13 21 23 
S-301 0 0 0 2 16 20 45 
^Vegetative, 100 days after initial exposure to 24-hour 
cycles. 
*Not all plants were flowering at 100 days, figures 
are approximations based on plants that flowered. 
cycles of continuous light flowered, however, those plants 
receiving more cycles of light flowered in the fewer days. 
With strains S-214 and S-301, plants flowered most rapidly 
when exposed to 25 and 30 cycles of continuous light. Fewer 
cycles resulted in delayed and incomplete flowering, with 
the appearance of some "vegetative flowers". 
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Flower production also is shown in Table 14. With one 
exception, that of strain S-208 exposed to 15 cycles, the 
number of flowers produced by each strain increased with the 
number of cycles of exposure to continuous light. Response 
to number of cycles of continuous light varied between the 
three experimental strains, S-208 responded to fewer cycles 
than did the normal biennial strains, S-214 and S-301. 
Experiment 13 was designed to investigate the influence 
of a 30-minute interruption of the dark period on flowering 
of two strains of non-vernalized Melilotus cuttings. Cut­
tings of each strain were transferred to each of three ex­
perimental photoperiods in a warm greenhouse. One treatment 
consisted of a 9-hour photoperiod followed by a 30-minute 
interruption of the 15-hour dark period. The other two pho­
toperiods were 16 and 24 hours. As shown in Table 15, 
strain S-208 flowered under all three photoperiods, but much 
more slowly under the short photoperiod and interrupted 
darkness. Plants of S-214 flowered only under the continu­
ous light. 
Effect of Photoperiod and Plant Age 
Several experiments were designed to investigate the 
combined influence of photoperiod and plant age on flowering 
and related plant characteristics. 
In Experiment 14 rate of flowering of established 
70 
Table 15. Days to first flower of Melilotus cuttings. 
Average of five plants 
Photoperiod 
Strain 
9 hours plus 30-minute 
break in dark period 16 24 
S-208 74.6 41.8 34.6 
S-214 Vs V 38.5 
^Vegetative at 80 days. 
cuttings and seedlings of strain S-208 was studied under 
five photoperiods. Non-vernalized plants were maintained 
in a warm greenhouse under a 9-hour photoperiod prior to 
exposure to experimental photoperiods. The cuttings were 
taken from non-inducted plants and were pruned to keep them 
comparable in size to the seedling plants. The primary dif­
ference in the two lots of plants was therefore in "age", 
including the age of the cuttings when taken. Both the cut­
tings and seedlings flowered most rapidly under continuous 
light, as shown in Table 16. Under shorter photoperiods, 
however, seedlings required a longer treatment period before 
flowers were produced. And, while cuttings flowered under 
all photoperiods, seedlings did not flower under photoperi­
ods of less than 17 hours. This implies a change in photo-
receptiveness with plant age. 
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Table 16. Days to first flower of cuttings and seedlings 
of strain S-208. Average of eight plants 
Photoperiod 
Age 13 16 17 19 24 
Cuttings 66.6 -52.9 40.3 37.7 34.5 
Seedlings V* V 44.9 40.4 35.3 
^Vegetative at 90 days. 
The effects of photoperiod and seedling age on growth 
and flowering of two strains, S-208 and A-W, of non-vernal­
ized Melilotus were studied in Experiment 15• Seeds of the 
two strains were planted directly in pots in a warm green­
house under a 9-hour photoperiod on four dates at monthly 
intervals from November 1 to February 1, I960. All seed­
lings were maintained in the warm, 9-nour chamber until 
February 15, I960, when all plants were transferred to ex­
perimental photoperiods in a warm greenhouse for a 100-day 
observation period. Figure 9 shows relative size of seed­
lings as they appeared on February 15, when initially ex­
posed to photoperiod treatments. 
Data presented in Table 17 show the rate of flowering. 
There is evidence of the existence of an age factor or 
"ripeness-to-flower" condition as discussed by Naylor (75)• 
Differences in flowering rates of the November and December 
Figure 9. Melilotus seedlings at time of transfer from 9-hour to experi-
mental photoperiods, February 15, I960 
Left to right : 105, 75, 4-5, and 15 days of age 
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Table 17. Floral responses of two strains of non-vernalized 
Melilotus seedlings of varying ages after expo-
sure to photoperiod treatments. Average of 12 
plants 
Age (days) of seedlings 
when assigned to photoperiods 
Strain Photoperiod 105 75 45 15 
Days to first flower 
S-208 9 7* V v. 7 
16 85.7 93.3 FB 7FBC 
20 39.1 39.0 55.3 69.6 
24 34.7 34.5 44.9 52.3 
A-W 9 7 7 7 7 
• - * 16 7 7 7 7 
20 41.2 44.8 56.8 75.6 
24 39.2 39.1 47.1 59.2 
Flowers per plant, at 100 days 
S-208 9 0.0 0.0 0.0 0.0 
16 9.8 3.8 0.0 0.0 
20 45.4 49.0 17.3 14.9 
24 53.3 58.8 36.4 17.3 
A-W 9 0.0 0.0 0.0 0.0 
16 0.0 0.0 0.0 0.0 
20 29.1 28.2 19.3 8.3 
24 42.1 38.3 26.0 14.7 
^Vegetative at 100 days. 
^Flower buds, approximately .5 cm. in length at 100 
days. 
^Visible flower buds at 100 days. 
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seedings of both strains under 20- and 24-hour photoperiods 
were not significant. However, the rates of flowering of 
the January and February seedings of both strains were sig­
nificantly slower, indicating an age, or size, factor. 
Within each seeding date, plants exposed to continuous light 
flowered most rapidly. The difference in flowering rates 
under the 20- and 24-hour photoperiods was greatest for the 
February seeding and least for the November and December 
seedings, again indicating an increased responsiveness to 
photoperiod with increased age, or, stated in another manner, 
there was a decreasing critical photoperiod with increasing 
seedling age. Under the 16-hour photoperiod only the Novem­
ber and December seedings of S-208, 105 and 75 days old at 
the beginning of photoperiod treatments, flowered during the 
100-day observation period. No plants flowered under the 9-
hour photoperiod. 
The average number of flowers per plant at 100 days 
after first exposure to photoperiod treatment is also shown 
in Table 17. Within each seeding date, plants exposed to 
continuous light had the most flowers per plant. And, with­
in each photoperiod treatment, the number of flowers per 
plant increased with age of seedling. As with floral dates, 
differences due to age and photoperiod treatments were sig­
nificant (Appendix, table 29). 
Plant height at first flower is shown in Table 18. 
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Table 18. Height of two strains of non-vernalized Melilotus 
seedlings of varying ages after exposure to pho-
toperiod treatments. Average of 12 plants 
Age (days) of seedlings 
when assigned to photoperiods 
Strain Photoperiod 105 75 45 15 
Height (cm.) at first flower 
S-208 9 Vs V V V 
16 105.2 109.8 FBb VFBC 
20 55.1 60.2 49.3 45.3 
24 58.4 58.2 45.3 37.8 
A-W 9 V V V V 
16 V V V V 
20 59.3 60.9 42.6 43.5 
24 55.9 61.1 44.2 26.9 






16 121.6 115.8 69.3 66.8 
20 106.0 121.1 93.9 68.0 
24 110.7 121.7 80.3 58.2 
A-W 9 w mm 
16 99.4 106.6 65.1 40.0 
20 111.2 108.0 82.5 66.3 
24 112.1 118.8 93.9 53.2 
^Vegetative at 100 days. 
^Flower buds, approximately .5 cm. in length at 100 
days. 
^Visible flower buds at 100 days. 
^Rosette growth (see Figure 10). 
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In general, plants exposed to continuous light flowered 
earlier and at lower heights. Again, the differences be­
tween the November and December seedings of both strains 
under 20- and 24-hour photoperiods were not significant. 
However, plants started in January and February flowered at 
smaller sizes. 
Plant size after 100 days of photoperiod treatment is 
also shown in Table 18. In general, plants of the December 
seeding were tallest. As can be seen in Figure 9» plants of 
the December seeding were less branched than those of the 
November seeding, which accounted for the slightly greater 
final height of the former. Plants of the February seeding 
were shortest, and those of the January seeding were inter­
mediate in size. Final plant sizes are shown in Figure 10. 
Under natural field conditions, first year biennial 
Melilotus plants develop crown buds and large roots during 
the decreasing autumn photoperiods and temperatures. Evi­
dence of the influence of photoperiod on root size and crown 
bud development is presented photographically in Figure 11. 
Only plants that were exposed to short (9-hour) photoperiods 
developed crown buds. Plants exposed to 9-hour photoperiods 
did not flower, produced rosette type top growth, developed 
many crown buds, and large roots. On the other hand, plants 
under continuous light produced flowers, developed relative­
ly small roots, and no crown buds. Plants maintained under 
Figure 10. Plant size and floral condition of Melilotus, 
100 days after initial exposure to photo-
period treatments 
Initial ages, left to right, in all photo­
graphs: 105, 75, 45, and 15 days 
Photoperiod: (A) 24-hours, (B) 20-hours, 
(C) 16-hours, and (D) 9-hours 
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Figure 11. Melilotus roots, after 100 days of exposure 
to photoperiod treatments in a warm greenhouse 
Left to right: 105, 75, 4-5, and 15 days of 
age at initial exposure to 
photoperiod treatments 
Top to bottom: 24-, 20-, 16-, and 9-hour 




16- and 20-hour photoperioda were intermediate in these 
characteristics. 
Effect of Light Quality 
It was noted in Experiment 4 that seedlings of strain 
S-208 did not flower under natural summer field conditions, 
even though the plants had been vernalized and were of suf­
ficient age. In the same experiment, vernalized seedlings 
of strain S-214 flowered profusely. It was also noted in 
several experiments that non-vernalized cuttings of strain 
S-208 flowered in the greenhouse when exposed to photoperi­
ods as short as 13 hours, considerably less than natural 
summer photoperiods in Iowa. 
Experiment 16 was an investigation of the effect of 
light filtration J>y greenhouse glass on the floral response 
of three strains of non-vernalized Melilotus plants grown 
under natural summer photoperiods in Iowa during the summer 
and autumn of 1958. Cuttings and seedlings of both S-208 
and S-214, and Hubam seedlings, were used in the experiment. 
All plants were grown in a warm greenhouse under natural 
photoperiods until June 20. They were then planted directly 
in the ground bed of a corn breeding greenhouse, and in the 
field. Cuttings of strain S-208 were flowering before the 
experiment began, however, they were cut back to five inches 
and all flowers and visible flower buds were removed. 
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Plants at both experimental locations were exposed to natu­
ral photoperiods throughout the experiment. Temperature of 
the greenhouse was maintained at a level comparable with 
that in the field by opening all greenhouse doors, windows, 
and ventilators during the summer growing season. The 
greenhouse was not whitewashed. Hubam flowered in both the 
greenhouse and field. Seedlings of strain S-208, and both 
cuttings and seedlings of strain S-214, did not flower in 
either greenhouse or field. However, pre-inducted cuttings 
of strain S-208 flowered all summer in the greenhouse, while 
the field grown cuttings flowered at a decreasing rate as 
the season progressed. As shown photographically in Figure 
12, new growth of field-grown S-208 cuttings became vegeta­
tive, whereas that of the greenhouse-grown plants continued 
to produce flowers. 
Since the difference between field and greenhouse con­
ditions appeared to be limited to the filtering of wave 
o 
lengths shorter than 3300 A by greenhouse glass (Figure 2), 
a light quality experiment was initiated in the greenhouse. 
Experiment 17 was designed to study the effect of light 
quality on cuttings of strain S-208 under a 15-hour photo-
period, which is comparable to the natural Iowa photoperiod 
in summer. Light sources consisted of General Electric sun­
lamps, alone or filtered through a pane of greenhouse glass, 
and an incandescent lamp. The sunlamps, with and without a 
Figure 12. Plants grown from pre-inducted (in the greenhouse) S-208 
cuttings, near end of growing season 
(A) Greenhouse grown, flowered all season 
(B) Field grown, flowering when transferred to the field, 
but rate of flowering diminished in the field as season 
progressed 
(0) Field grown plant, pruned to show that flowers are 
present only on old growth 
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glass filter, were intended to simulate greenhouse and field 
conditions, respectively. The incandescent lamp supplied a 
predominance of longer wave lengths. 
Only cuttings of strain S-208, that were flowering and 
cut back, were used in the experiment. The number of new 
flowers was recorded at 10-day intervals, and is shown in 
Table 19. There were no significant differences in flower­
ing due to light quality treatment during the first 70 days. 
The difference in flower production beyond 70 days was sig­
nificant. In agreement with field results, plants under the 
bare sunlamp flowered at a diminishing rate in contrast to 
the plants under filtered light. And, plants exposed to the 
predominantly longer wave lengths emitted by the incandes­
cent bulb flowered at an increasing rate at each successive 
10-day observation period. 
After 100 days of exposure to the three light sources, 
plant heights were recorded. Plants exposed to the unfil-
tered sunlamp were shortest (56.9 cm.). Exposure to a sun­
lamp, filtered through greenhouse glass, resulted in plants 
of intermediate size (65.8 cm.). And, the tallest plants 
were those grown under light from the incandescent lamp 
(74.7 cm.). The internodes of the plants exposed to predom­
inantly long wave lengths became elongated, and those ex­
posed to shorter wave lengths were shortest. 
Table 19. Flower production per ten S-208 cuttings, during 10-day intervals, 
under light quality treatments and a 15-hour photoperiod 
Days after initial exposure 
Light 1 
treatment 1— 11— 21— 31— 41— 51— 61— 71— 81— 91— 
10 20 30 40 50 60 70 80 90 100 
Gr .E .  sunlamp 0 0 36 132 183 217 209 209 196 175 
G.E. sunlamp 




incandescent 41 125 166 211 226 272 340 468 
SîP^lLao.» MS NS MS HS KS MS MS * 
aNS = non-significant at the 5$ level. * = significant at the 5$> level. 
** = significant at the 1# level. 
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DISCUSSION 
The flowering process involves three general phases; 
induction, initiation, and further development of the flow­
ers. Floral induction involves a chemical change, not 
microscopically detectable, which results in the subsequent 
development of flowers by the induced growing points. 
Floral initiation refers to the appearance of microscopi­
cally detectable flower initials. Further development in­
cludes the continued growth and development of visible flow­
ers. 
Initiation follows induction, the time lapse between 
them varying with species and environmental conditions. It 
has been noted that Dactylis glomerata (38) and Poa 
pratensis (80) become inducted under short photoperiods and 
cool temperatures, and initiation follows only when plants 
are exposed to long photoperiods and warm temperatures. 
Under natural field conditions both species become inducted 
during the autumn, and initiation apparently does not occur 
until the following spring. The fact that biennial 
Melilotus will flower directly and fairly rapidly under very 
long photoperiods (89,106) indicates that there is no long 
delay in floral initiation in this plant, and that the con­
ditions necessary for induction and floral growth are simi­
lar. 
A test of the effect of general growing conditions on 
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flowering in Melilotus was made by varying the soil volume 
per plant between 60 and 960 cubic inches. Plants with the 
small soil volume were stunted and produced fewer flowers, 
but there were no significant differences in flowering dates 
when plants were grown under an 18-hour photoperiod (Table 
2). Also, first year biennial plants under natural photo­
periods were not forced into flower by root crowding and 
stunting. Photoperiod was a dominant and low soil volume an 
insignificant factor in these experiments. 
A number of experiments included tests of the minimum 
photoperiods required for flowering of biennial Melilotus. 
Strains S-211 and S-214, both normal in flowering behavior, 
flowered from seedling plants in the greenhouse on photo­
periods of 17 hours, but they did not flower on 16 hours 
(Table 1). The plants flowered profusely and more rapidly 
under longer photoperiods, up to 24 hours ^ Table 1). Cut­
tings of S-301, a later strain of biennial Melilotus. flow­
ered in the greenhouse on 20-hour photoperiods but not on 
18 hours. Again earlier and more profuse flowering was ob­
tained with 22- and 24-hour photoperiods (Table 13). 
With photoperiods of 20 hours or more, all of the 
strains investigated behaved as annuals, thereby indicating 
that photoperiod is the major environmental factor involved 
in the flowering of Melilotus. In the field these strains 
flower profusely under photoperiods of less than 16 hours, 
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but only in the second year of growth. The additional 
operative factors are the exposure to winter temperatures 
which may result in vernalization of the plants, an increase 
in age, and a much larger size of the second year biennial 
plants at the time of maximum photoperiods which occur in 
June. 
Low temperature vernalization often results in a reduc­
tion of the critical photoperiods for flowering of winter 
annual and biennial species (26,56,72). Biennial strains 
of Melilotus show this response. That is, plants grown 
directly from seed, as well as those developed from vegeta­
tive cuttings, flowered under shorter photoperiods after 
vernalization (Tables 4 and 5). 
These results indicate a degree of interchangeability 
between low temperature vernalization and long photoperiods. 
Since Melilotus flowers rapidly under continuous light, it 
is evident that a flower promoting substance, or its pre­
cursor, is synthesized in the light. The reduction of the 
critical photoperiod after the plants have been exposed to 
low temperatures suggests either that a flower promoting 
substance is produced at low temperatures, or that inhibitor 
or other factors are modified so that the long photoperiod 
requirement is reduced markedly. Evidence on this point is 
shown clearly in experiments with the late-flowering, bien­
nial strain S-301. All S-301 plants used in this 
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investigation were vegetatively propagated directly, or 
indirectly, from one original field grown inbred plant. The 
strain flowered rapidly under continuous light (Table 13), 
but did not flower under photoperiods of 18 or fewer hours 
when the plants were not vernalized. When vernalized, how­
ever, plants of strain S-301 flowered profusely on photo­
periods as short as 13 hours (Table 5). The effect of ver­
nalization was accumulative in this strain of Melilotus 
(Table 7). 
In another experiment, vernalized and non-vernalized 
first year plants of an open pollinated strain of Melilotus 
flowered in the same numbers of days when held under contin­
uous light. The non-vernalized plants of this strain flow­
ered under a 17-hour photoperiod, but not as rapidly as the 
vernalized plants. Only the vernalized plants flowered 
under 15- and 16-hour photoperiods (Table 12). 
These results recall those of Evans (35) with subter­
ranean clover. He considered that low temperature slowed 
the dark reactions which reverse the light reaction. In 
effect then, the light reaction of one short photoperiod 
would be conserved during a cool dark period, thus resulting 
in an accumulated long photoperiod effect. More research is 
needed to determine whether vernalization in Melilotus is a 
separate reaction, as it appears to be in winter wheat, or 
whether it is complementary to the photo-reaction. 
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It has been shown that the photoperiodically induced 
floral stimulus is effective on the youngest fully developed 
leaves (31), and that most plants must attain a certain min­
imum age or "ripeness-to-flower" (75) before they respond. 
The fact that the critical photoperiod for flowering of 
Melilotus decreases as plant age increases was demonstrated. 
When non-ve mail zed, non-inducted cuttings and seedlings of 
the same size and inbred strain were grown under identical 
photoperiods of 19 or fewer hours, the cuttings flowered 
earlier than the seedlings (Table 16). And, the cuttings 
flowered under photoperiods as short as 13 hours, while the 
seedlings did not flower on less than 17 hours. Similarly, 
in an experiment that involved two strains of non-indue ted 
Melilotus seedlings that were 15, 45, 75 and 105 days of age 
at the initial exposure to photoperiod treatments (Figure 
9), the older plants of each strain flowered in fewer days 
of long photoperiod than the younger plants (Table 17). All 
of the plants flowered under 20- and 24-hour photoperiods, 
but only the older plants of one of the strains flowered 
under the 16-hour photoperiod. The youngest plants did, 
however, flower at a smaller size (Table 18) and at a 
younger actual plant age. Again, this provides direct evi­
dence that photoperiod is a dominant environmental factor 
governing the flowering of Melilotus. but that the critical 
photoperiod for flowering is dependent upon strain, and 
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decreases as plant age increases. The age factor appears to 
be somewhat less influential, however, than strain, and low 
temperature vernalization. 
Quality, or wave length composition, of sunlight reach­
ing the surface of the earth varies with time of day, season, 
altitude, latitude, and atmospheric conditions (53). There­
fore, one may expect that plants from different regions of 
adaptation will respond differently to light quality. 
Strain S-208 which was used in a number of experiments of 
this investigation is an inbred that flowered profusely in 
the greenhouse under photoperiods as short as 13 hours 
(Table 16). But, under field conditions, S-208 did not 
flower without previous induction. And, if it was flowering 
in the greenhouse before being transferred to the field, it 
reverted slowly from floral to vegetative condition (Figure 
12). light quality experiments in the greenhouse showed 
that strain S-208 was sensitive to the longer wave lengths 
of ultra violet light (Table 19), those filtered out by 
ordinary greenhouse glass (Figure 2). While the effect of 
light quality appears to be dominant in the flowering of 
S-208 as evidenced by the fact that it flowered under short 
photoperiods in the greenhouse, there exist numerous indi­
cations that the light quality factor is also operative in 
other strains of Melilotus. but to a lesser degree. 
The fact that rate of flowering decreased in the field 
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(Figure 12) suggests that the flower inducing substance that 
was already present in the flowering plants was not de­
stroyed, but further synthesis was blocked by long ultra 
violet light that was received under field conditions. 
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SUMMARY AND CONCLUSIONS 
The effects and possible interactions of photoperiod, 
vernalization and plant age on the floral response of sev­
eral varieties and inbred strains of Melilotus were inves­
tigated in the field and greenhouse at Ames, Iowa (42° OO'N). 
Effects of light quality and root restriction on flowering 
were also studied. 
Melilotus strains used in the investigation included: 
Hubam, an annual; A-3 and A-W, locally adapted biennials; 
and inbred strains S-208, S-211, S-214, and S-301. All in-
breds except S-208 were normal biennials. Strain S-208 
flowered profusely under natural summer photoperiods only if 
the sunlight was filtered through greenhouse glass, which 
removed wave lengths of less than 3300 2. This sensitivity 
to light quality may be present, but masked, in normal 
Melilotus. 
Restriction of the root zone by using pots ranging from 
60 to 960 cubic-inch capacities did not alter time of flow­
ering of Melilotus under either 18-hour or natural photo­
periods. Plants with the larger root zones grew taller, 
however, and produced more flowers per plant. 
Photoperiod was the most influential environmental fac­
tor governing the flowering of the Melilotus varieties and 
inbred strains that were investigated. All of the plants 
flowered readily when exposed to 20-hour, or longer, 
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photoperiods. The critical photoperiod, for flowering, 
varied between strains and was altered by vernalization and 
plant age. 
Exposure of Melilotus in the field or greenhouse to a 
period of relatively low temperatures resulted in vernaliza­
tion and in a lowering of the critical photoperiod for flow­
ering. Both vegetatively propagated plants and those grown 
from seed responded similarly to low temperature vernaliza­
tion. Non-vernalized biennial plants flowered as early as 
vernalized biennial plants under continuous light. Vernal­
ization, however, reduced the critical photoperiod, and only 
the vernalized plants flowered under natural photoperiods. 
Plants, of biennial strains, that were exposed to long 
photoperiods and flowered in the seeding year did not devel­
op large taproots or normal crown buds. The development of 
large taproots and crown buds on first year biennial 
Melilotus plants was governed by exposure to short photo­
periods, irrespective of the warm (70°P. minimum) or natural 
cool autumn temperatures used. 
The critical photoperiod for flowering of Melilotus was 
altered by plant age. When non-vernalized S-208 cuttings 
and seedlings of the same size, and pre-experimental treat­
ment were compared, the cuttings flowered on photoperiods as 
short as 13 hours, but the seedlings did not flower on less 
than 17 hours. Seedling age also influenced response to 
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photoperiod. Under 20- and 24-hour photoperiods, plants 
that were 105 days of age flowered in fewer days than plants 
that were 15 days of age at initial exposure to the experi­
mental photoperiods. However, the younger plants flowered 
at a smaller size, and at a younger actual plant age. 
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Table 20. Analysis of variance of part of the data in 
Table 1, earlinesa of flowering of three strains 
of seedlings under 17-, 19-, and 24-hour photo-
periods 
Source of variation Df Ms 
Photoperiod 2 846.50 
Pot size within photoperiod 3 92.67 
Strain within pot size 12 90.83 
Plants within strain 54- 8.93 
Table 21. Analysis of variance of data in Table 2 
Sean squares 
Source of Days to Height at Flowers at 
variation Df 1st flower 70 days 70 days 
Replication 2 .25 23 .05 78. 65 






132 .30** 3,586, .20** 
Error A 2 2. 20 .90 5, 60 
Pot size (P) 4 7, .93 293 .55** 387. 68** 
P x S 4 3, .70 26 .45 
(T> CM CM 
.10* 
Error B 16 3-.34 21 .68 66. 68 
* Significant at 5# level 
** Significant at 1# level 
Ill 
Table 22. Analysis of variance of data in Table 3 



















** Significant at 1% level 
Table 23. Analysis of variance of part of the data in 
Table 8, days to first flower under continuous 
light 
Source of variation Df Ms 
Location 1 100.10** 
Reps in location 5 3.86 
Strain 1 2.10 
Error 16 3.54 
** Significant at 1% level 
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Table 24. Analysis of variance of part of the data in 
Table 8, root weight as percentage of total 
plant weight 
Source of variation Df Ms 
Location 1 31.60 
Photoperiod 1 3,982.80** 
Strain 1 1.40 
Error 4 4.90 
** Significant at 1# level 
Table 23. Analysis of variance of part of the data in 
Table 8, days to first flower on recovery growth 
Source of variation Df Ms 
Replications 5 3.98 
Treatments 3 6.03 
Location (1) (1) 1.00 
Strain (S) (1) 15.00* 
L z S  ( 1 )  2 . 1 0  
Error 15 2.24 
* Significant at 5# level 
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Table 26. Analysis of variance of data in Table 9 
Mean squares 
Source of Root Days to first 
variation Df weight flower, regrowth 
Replication 2 1.75 .30 
Transfer date 5 340.86** 50.82** 
Error 10 .87 .83 
** Significant at 1# level 
Table 27. Analysis of variance of part of the data in 
Table 13, days to first flower under 18-, 20-, 
22-, and 24-hour photoperiods 
Source of variation Df Ms 
Photoperiod 3 1,481.20** 
Reps in photoperiod 5 12.56 
Error A 15 6.91 
Strain 2 6,296.70** 
S x P 6 319.15** 
Error B 40 8.18 
** Significant at 1% level 
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Table 28. Analysis of variance of data in Table 13, 
flowers per plant, at 90 days 
Source of variation Df Ms 
Photoperiod 4 3,548.00** 
Heps in photoperiod 5 28.70 
Error A 20 161.01 
Strain 2 7,576.55** 
S x P 8 244.85 
Error B 50 124.56 
** Significant at 1# level 
Table 29. Analysis of variance of part of the data in 
Table 17, flowering under 20- and 24-hour 
photoperiods 
Mean squares 
Source of Days to Flowers at 





S x A 
Error 
* Significant at 5# level 
** Significant at 1# level 
1 309.80** 355.30** 
7 260.20** 450.40** 
(1) 70.60 466.50** 
(3) 579.50** 832.80** 
(3) 4.13 62.60** 
7 16.20 12.50* 
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Table 50. Analysis of variance of data in Table 18, plant 
height at first flower under 20- and 24—hour 
photoperiods 
Source of variation Df Ms 
Photoperiod 1 50.40 
Treatment 7 185.60** 
Strain (S) (1) 14.40 
Age (A) (3) 413.30** 
S x A (3) 15.00 
Error 7 19*70 
** Significant at 1# level 
Table 31. Analysis of variance of data in Table 18, plant 
height after 100 days of exposure to 16-, 20-, 
and 24-hour photoperiods 
Source of variation Df Ms 
Photoperiod 2 196.65 
Treatment 7 1,849.96** 
Strain (S) (1) 242.50 
Age (A) (3) 4,205.17** 
S x A (3) 30.57 
Error 14- 76.57 
** Significant at 1# level 
